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垩白开始发生的时间约在水稻开花后 14 天。 
2、佳辐占籽粒不同发育时期的 AGPP、SSS 活性均高于广陆矮 4 号，在开
花后 21 天达到 高峰，此后缓慢下降并一直保持着较高活性直至籽粒成熟。但
佳辐占的GBSS活性均显著低于广陆矮 4号，在籽粒发育期间都保持在较低水平，
其中以开花后 21 天的差异 为显著。此外，佳辐占的 Q 酶活性随着籽粒发育进
程逐渐增加，直至成熟达到 高；而广陆矮 4 号的 Q 酶活性在开花 21 天时达到
高，此后迅速下降，Q 酶活性低于佳辐占的水平。显示，佳辐占低垩白形成可
能与其籽粒发育期间具有较高的 AGPP、SSS 活性、较低的 GBSS 活性以及后期
较高的 Q 酶活性有关。 
3、佳辐占籽粒发育不同时期剑叶和倒 2 叶的叶绿素含量、SOD、CAT 酶活
性比广陆矮 4 号高，达到高峰后下降缓慢。但佳辐占剑叶和倒 2 叶的 POD 酶活
性是籽粒发育早中期显著低于广陆矮 4 号，后期稍高于广陆矮 4 号。说明佳辐占




















5、佳辐占和广陆矮 4 号开花后 7d、21d 和 35d 3 个不同时期籽粒的差异蛋























Chalkiness means white opaque part of the rice endosperm and is one of the 
important indicators of rice quality. A new good quality high and stable yielding early 
indica rice cultivar Jiafuzhan with the percentage of chalky grains and chalkiness of 
almost 0% was developed by Xiamen University, which had a total of planting areas 
of more than 56.6×104hm2. The low chalky trait of Jiafuzhan is very stable and 
scarcely influenced by environmental conditons, but its low chalkiness formation 
mechanism is unclear. Therefore, based on previous results of rice chalkiness, we 
chose an indica rice cultivar Guangluai 4 with the percentage of chalky grains and 
chalkiness of close to 100% as control variety, and studied low chlkiness formation 
mechanism of Jiafuzhan including cytology, physiology, biochemistry and proteomics 
in different periods of grain development. The results will help to provide a scientific 
guidance for improving rice quality, reducing chalkiness formation and developing 
new good quality rice varieties with low (none) chalkiness. The results were shown as 
follows: 
1. The starch granules in endosperm cells of Jiafuzhan from 14 days after 
flowering to maturity were polyhedron-shaped, tightly packed and no gap, and thus 
did not see the chalkiness. But starch granules of Guangluai 4 at 14 days after 
flowering appeared spherical, then had gaps between, starch granules owing to their 
loose arrangement at 21 days after flowering and emerged chalkiness. At maturity, 
starch granules from the chalky section of Guangluai 4 were football–shaped, loose 
arrangement each other, easily spread in subjecting to extrusion, and led to rice 
chalkiness formation. Therefore, we estimated that the starting time of rice chalkiness 
formation is about 14 days after flowering. 
2. AGPP and SSS activities of Jiafuzhan at different developmental stage of rice 
grain were all higher than those of Guangluai 4. The enzyme activity of AGPP and 















and always maintained a higher activity until maturity. But GBSS activity of 
Jiafuzhan was all significantly lower than Guangluai 4 and had lower enzyme activityl 
during developmental stages of rice grain. The GBSS between Jiafuzhan and 
Guangluai 4 showed the most significant difference at 21 days after flowering. In 
addition, the Q enzyme activity of Jiafuzhan gradually increased with grain 
development and reached the highest value at maturity. However Q enzyme activity 
of Guangluai 4 was the highest at 21 days after flowering and then reduced rapidly. 
Q-enzyme activity of Jiafuzhan is higher than Guangluai 4 at 21 days after flowering. 
These results suggested that low chalkiness formation of Jiafuzhan may be related to 
high AGPP and SSS activity as well as lower GBSS activity during grain 
development, and a higher Q enzyme activity at 21 days after flowering. 
3. The chlorophyll content, SOD and CAT activity in flag leaves and the 
second-leaf from top leaf of Jiafuzhan were higher than those of Guangluai 4 during 
grain development. Their values of Jiafuzhan decreased slowly after reaching a peak. 
But POD enzyme activity in flag leaf and the second-leaf from top leaf of Jiafuzhan 
was significantly lower than Guangluai 4 before 27 days after flowering and then 
slightly higher than Guangluai 4. These results implied that low chalkiness formation 
of Jiafuzhan may be associated with higher chlorophyll content and SOD, CAT 
activity, and lower POD activity. 
4. The transverse area and number of vascular bundle in spike rachis and the 
primary branches of Jiafuzhan were more than Guangluai 4, while the secondary 
branch is not significant. Moreover, the apoptosis of vascular edge cells in spike 
rachis and branches of Jiafuzhan was slower than that of Guangluai 4. Thus the color 
of spike rachis and branches of Jiafuzhan still expressed green at maturity. We 
suggested that low chalkiness formation of Jiafuzhan may associate with more 
vascular bundles, slower apoptosis and higher cell activity in spike rachis and 
branches. 
5. The proteomics of grain between Jiafuzhan and Guangluai 4 at 7d, 21d and 
35d after flowering were compared and 52 differential protein spots were found. 















we shall classified them as six proteins involved in protein synthesis and transcription, 
protein folding, modification, transfer, signal transduction, plant defense, related 
enzymes of cell growth and metabolic regulation, ,structural proteins and unknown 
proteins. Among them sucrose synthase and SBE were closely associated with starch 
metabolism and their relative volumes will function the regulation of starch 
metabolism and chalkiness formatin in rice grain. 
 
 






















































1 稻米垩白形成的细胞学基础  
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